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Resistivity at the Field Null
of the FRC Plasma

Richard A. (lerwin, C7TR-6
Los Ahmos NationaJ Laboratory

1. SYNOPSIS
In the absence of major destructive instabilities, the configuration time is u;tinmte]y

de’;ermined by part.iclr and flux containment. If the profiles are “gentle,” then the
anomalous flux-loss rate depends essentially on the anomalous resist ivity at the field null.

Conventional el~ctrostatic quasi-linear models of anomalous cross-field resist ive

diffusivity are based upon the use of 1? x ~ drift velocities, and hence break down at
the magnet ic field null. In this paper, an electromagnetic treatment valid at the field

null is developed, based upon the presence of flute-parity perturbations. An expression

for anomalous resistivity at the field null il] the quasi-linear approximation is derived I}y
averaging ill the ignorahle direction over the random plmses of the perturbations. The
expression is valid for arbitrary (non-local) radial slmpes of the perturbing modes (for
exan~ple, tl~e eigenfunct ions need not be crnt ered at the field null), and for an arl)itrriry
rat io of real frrqltency to growth rate. Tlw effective resist ivit y clue to flut ● pert url)at ions
of the MHD tyl)e will be considered.

11. THE MODEL
<’ol~sider a quasi-l D model of the FRt:. Rrvert to a slab mm-k] with “radial” direct it}l~

a’, “aziln~tt Ilal” direction y (periodic), and axial direction z, The zero-order magnrt ic field
is mlo]lg tile z-direction. We seek flute-type perturbations independent of z in a model il]

whit-l] tlw rquilihri~~nl has only an x-dependence. Wt neglect electron inertia, m Ohln’s
law rrmls

tii-tix E- Dvv xl;- -l-W. , (1)?1t’



where P is the total plasma pressure. The second term on the rhs constitutes the clmsical
contribution to the radial flux clue to resistivity intrinsic to a quiescent, plasma. It can be
thoug] It of as allowing a resistive slippage between the plasma velocity and the velocity of

tnagm+ ic field lines, n(tl - VE ),, where VE = ~. The th;rd term h~ 110 zero-or~e’r radial
(x) componetlt because VP, itself is x-directed. Also, in a purely electrostatic model ill

which perturt mt ions of ~ are suppressed, ( V6PC )Y perturbations (with 4P= periodic in y )
will contribute no net efiect to the radial particle fittx when avercged over the y-direction.

The first term on the rhs can produce a nonlinear electrostatic contribution to the
radial particle flux, of the form

(&tbEv) ,
(??u=)~~ = ——

B.O
(3)

in which perturbations of magnetic field are again suppressed in the electrostatic model.

From this” terlnl one couicl construct an equivalent anon~alous resistivity from

wlmv tllv atlullla]uus particle difTilsivity is given I)y

D*part. = (q) (;P) = r:,u;t

wlwrein we have ass~lnmcl uniform and equal tmnperatures for simplicity.

(4)

(5)

Here, @ =



Now, the y-component of Eq. (1) for the fluctuations/reads

(9)

where we note that uzo s C!and 8Peo/8y = O. Substitution of (9) into (~) yields, for the
fil~t terlll o:) the rhs,

fi o JPC). (10)(q* Jo, )l = (n:, jjj

We next, assume that the adiabatic law governs the electron fluid.

(:+ti”v)(pe~)=o (11)

where the plasma mass density is p s ~i n and ~ is the adiabatic index. This equatia~
lil]earizes to

(12)

wlwre C: = ~ PCO/po = ~Teo/ini Nde that. ~f’,o/&r and 8po/8x vanish at the field null,

l’herefme, M the field null,

i3P= – C’;bp ==f(y – Ilo”t). (13)

sil~cc f is I}eriodic ill y, f mist vanish identically for unstable perturbations. Tluwcfore,
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The final term clearly vanishes upon averaging periodic perturbations over the y direction.
llence, Eq. ( 17) redllces to, at the field null,

:= (2?-2(6%’4 (18)

hi general, a growing mode, periodic in g, can be written as

6BZ = (ae’v + a“e-’$)ert; (~ = &y – d), (19)

where f’ is the growth rate and ~ is the real frequency of the mode. Upon use of this form
in Eq. (18), the final result for q“ can be obtained by averaging over y. No time-average
is required. The result is

7“ dl?zo ‘2

() ()

-2

.=—

dx
(21’[a12e2r’) = ~

Po
(rpBJt)y) , (20)

where the growing rnls (with respect to y) amplit (Ide [6B: ( t )1 must be assigned a sat~lratecl
valtle from some nonlinear model or from experi]l]ental obs~rvations. Eq. (20) is the

general {ltliwiilil~ear expression for the anoma]olts resistive diffusivity at the field null due

to interchange-like modes. ln general, one will sum such contributions over all active

nlodes,

v. ANOMALOUS RESISTIVITY AT THE FIELD NULL FROM
INTERCHANGE-TYPE INSTABILITIES

Fur a growt 11rat e tl~at scales (for interchange or co-interchange ideai modes) as 1

(22)
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